The relations between lightning occurrence over Europe from the EUCLID network (2008)(2009)(2010)(2011)(2012)(2013) and parameters derived from ERA-Interim reanalysis data were studied to increase the understanding of the conditions under which thunderstorms form. The objective was to identify relevant factors beyond instability and convective inhibition, in order to better model thunderstorms using numerical weather prediction or climate model data. It was found that latent instability is only required up to a certain amount of approximately 200-400 J kg -1 CAPE. For higher values of CAPE (∼ 800-2800 J kg -1 ), the relative frequency of lightning is rather constant. Relative humidity in the low to mid-troposphere has a major influence on storm occurrence with low relative humidity strongly suppressing thunderstorm development. For an average 850-500 hPa relative humidity below 50 %, the frequency of lightning decreases to below 15 %, even when CIN is negligible and CAPE sufficient. A subtle dependency on wind shear was found in which two regimes of higher frequency of lightning were identified. For very weak and for high shear the probability was higher than for intermediate values of both deep-layer and low-level shear.
Introduction
An increasing number of studies address the impact of climate change on thunderstorms and their associated hazards, such as tornadoes, large hail, and wind gusts (e.g., Trapp et al. 2007b; Van Klooster and Roebber 2009; Diffenbaugh et al. 2013; Allen et al. 2014; Gensini and Mote 2014; Tippett et al. 2015) . The limited resolution (both temporally and spatially) of climate and reanalysis models does not allow an explicit simulation of thunderstorms, which poses a considerable challenge for such studies. Trapp et al. (2007b) provided a proof-of-concept to dynamically downscale global climate simulations down to a horizontal grid spacing of 4 km or less at which convection does not need to be parameterized. Since then, a number of studies have used this technique (Trapp et al., 2011; Gensini and Mote, 2014) . However, high computational costs have prevented integrations at such resolutions over long time periods or across ensembles of climate models (Gensini and Mote, 2015) . A less expensive method is the use of proxy parameters which are based on covariates that climate models are able to simulate (Brown and Murphy, 1996; Brooks et al., 2003) . Several researchers Authors concerned with storms that produce severe weather also considered DLS, because convective systems tend to become well-organized (e.g., Weisman and Klemp 1984; Thompson et al. 2003) and therefore more likely to produce severe weather (e.g., Craven and Brooks 2004; Groenemeijer and Van Delden 2007) . Only little research has been done into the exact amount of instability required for a convective storm to become electrified and thus classify as a thunderstorm (e.g., Bright et al. 2005; Van Den Broeke et al. 2005) . A guideline used at the United States Storm Prediction Center states that sufficient CAPE must be present to support vertical motions in excess of 6-7 m s −1 within the lower mixed-phase region of the cloud between −10°C and −20°C (Bright et al., 2005) . Theoretically this can be reached when 18-25 J kg −1 of CAPE are released in an updraft (Van Den Broeke et al., 2005) . Bright et al. (2005) emphasized, that the actual updraft velocities are generally much less than the updraft velocities that are calculated by pure parcel theory and therefore suggests values for CAPE between 100 and 200 J kg −1 to be more realistic to ensure sufficient updraft strength.
It is important to mention that proxies that only include a measure of instability like CAPE (and possibly DLS) do not account for the third ingredient, lift. Therefore, they cannot predict whether convective initiation takes place and thereby release the CAPE in the first place.
To evaluate the formation of severe weather, Wapler et al. (2015) used various observations that have a predictive skill for convective development, such as satellite-based cloud-top cooling rates, 3D-radar reflectivity, mesocyclone detection from doppler radar, lightning jumps or overshooting top detection.
Van Klooster and Roebber (2009) have modelled the probablity of initiation using a neural network, Trapp et al. (2007a) and Tippett et al. (2012) used the convective precipitation as a proxy. Others merely addressed the probability of initiation in a qualitative way. Sander (2011) considered convective inhibition (CIN), but the authors did not quantify the probability of initiation explicitly as a function of CIN. Neither did Diffenbaugh et al. (2013) , who, in a study of climate models from the Coupled Model Intercomparison Project Phase 5 (Taylor et al., 2012) , studied changes in CIN on days on which the conditional probability of storms becoming severe was high. In fact, they acknowledged the limitation to their study that important meso-and synoptic scale processes that aid convection initiation are not explicitly captured by the parameters they addressed, including CIN.
Besides CIN and convective precipitation, other parameters may be considered as predictors for convective initiation, such as the humidity above the boundary layer. Observational evidence is provided by several authors, such as Zhang and Klein (2010) , who found that high humidity above the boundary layer precedes the onset of heavy precipitation events. Simulations with cloud-resolving models show this as well, for instance by Derbyshire et al. (2004) ; Chaboureau et al. (2004) ; Wu et al. (2009); Böing et al. (2012) . Interestingly, parameters traditionally used for forecasting thunderstorms show different results for the role of midlevel humidity: The K Index (George, 1961) , Jefferson index (Jefferson, 1966) and Swiss index (Huntrieser et al., 1997 ) predict a higher probability of thunderstorms with increasing mid-level humidity, whereas the Bradbury index (Bradbury, 1977) , the KO index (Andersson et al., 1989) and the Potential Instability Index (van Delden, 2001 ) predict the opposite.
In addition to relative humidity, the vertical temperature gradient above the boundary layer may also be important. Houston and Niyogi (2007) found that steep lapse rates in the layer above the level of free convection favors the development of deep convective clouds. Furthermore, low-level wind shear may be of importance, as it helps to create organized regions of upward vertical motion in the boundary layer in the form of horizontal convective rolls.
Of all traditional forecast indices for non-severe thunderstorms, only the Swiss index (Huntrieser et al., 1997) incorporates wind shear and predicts an increasing likelihood of storms as it increases. Weckwerth et al. (1996) discussed the importance of the resulting thermodynamic variability in the boundary layer to convective initiation while Burton et al. (2013) emphasized the importance of a realistic representation of boundary-layer and land-surface schemes for the simulation of deep convective clouds. They found a reduction of the amount of static energy available for convection if the moisture in the boundary layer is too well mixed. Energy is available for convection if a combination of boundary-layer and surface schemes allows a 'reservoir' of moisture to develop, assuming there is a trigger mechanism (Burton et al., 2013) .
In this study, we explore the relation between these and other parameters and the occurrence of electrified convection and seek to clarify the roles of wind shear, lapse rates, mid-level humidity, CAPE and CIN on the probability of thunderstorms.
We are the first to account for thunderstorm favorable environments in ERA-Interim reanalysis data without specifying the severity level of these storms as we are interested predominantly in thunderstorm initiation, but we also want to account for environments that are favorable for sustaining existing thunderstorms.
The investigation will help to create a basis for assessing the effects of climate change on the frequency of thunderstorms.
We start out with a description of methods and data in Section 2. In Section 3, we present the results, which we discuss in Section 4. In Section 5, we provide a summary and the conclusions.
Data and methods
To explore the relation between atmospheric parameters and the occurrence of convective storms, we use an ob- servational data set of lightning and a reanalysis dataset. Lightning serves as an indicator for the occurrence of deep, moist convection in our study. We are aware that a minority of deep-convective storms do not produce lightning (e.g., Zipser, 1994) . This study is based on six years of data (1st January 2008 to 31 December 2013), which we will describe below.
Data
We assessed the occurrence of deep, moist convection using cloud-to-ground lightning detections by the European Cooperation of Lightning Detection (EUCLID), which is a cooperation between 23 European countries that provide lightning measurements from its national networks. Diendorfer et al. (2010) and Schulz et al. (2014) provide a summary describing the network and its performance. EUCLID lightning data have been used in many scientific studies on lightning climatology (e.g., Feudale et al., 2013; Poelman, 2014) and detection network comparisons (e.g., Pohjola and Mäkelä, 2013) . Figure 1a shows the Flash Detection Efficiency estimation for the EUCLID network as of August 2009 from Diendorfer et al. (2010) , which is higher than 90 % in all of the participating countries. Diendorfer et al. (2010) found that the median location accuracy is better than 500 m throughout Europe (not shown) and emphasized that the performance of the EUCLID network has steadily improved since its introduction.
We used hourly EUCLID data provided on a grid with a spacing of 0.25°latitude and longitude. Given that this is much larger than the location accuracy of the lightning network, the gridding should have a negligible effect on the results of this study. Figure 1b depicts the distribution of the lightning data across Europe. The black polygon indicates the region of high lightning network coverage that was selected for the study.
Atmospheric data were obtained from the ERAInterim global atmospheric reanalysis, produced at the European Centre for Medium-Range Weather Forecasts (ECMWF) (Dee et al., 2011) . ERA-Interim is a stateof-the-art reanalysis dataset representing the atmosphere every six hours, available on a 0.75°× 0.75°horizontal grid, which yields 1138 grid points within the study area of Figure 1b . Over the entire 6 year period, 9 977 984 data points result in total. ERA-Interim has 60 vertical levels, however we used data interpolated to 28 pressure levels between 1000 hPa and 70 hPa, spaced 25 to 50 hPa apart.
Methods
To associate the lightning data with the reanalysis data, they were rescaled to the same spatial resolution (0.75°), which meant that the lightning count was accumulated over 9 EUCLID grid-boxes. A lightning case is defined as the occurrence of two lightning strikes within two hours after the respective reanalysis time, i.e. within any of the periods 00-02 UTC, 06-08 UTC, 12-14 UTC, 18-20 UTC. These two hour periods were chosen to be after the respective analysis times rather than centered around it (e.g., 23-01 UTC, etc.) so that the reanalysis data would represent the pre-convective rather than the post-convective environment. The time period of two hours was chosen based on a typical lowto mid-tropospheric wind speed in Central Europe of 10-15 m s −1 , which yields 2 hours as a typical timescale for a thunderstorm to leave the respective grid box.
Several parameters related to instability, moisture and bulk wind shear were computed from ERA-Interim for which temperature, humidity and wind data from the 28 available pressure levels were interpolated to 1 hPa vertical resolution. The computation of instability parameters depends on the virtual temperature profiles of adiabatically rising air parcels (Bjerknes, 1938) , which were calculated with a numeric integration step of 1 hPa. The rising parcel source is 50 hPa above the local topography, which is typically within the planetary boundary layer. More details on the computation method are given by Pistotnik et al. (2016) , who applied the same set of convection parameters to an evaluation of decadal climate hindcasts against ERA-Interim reanalyses. In the remainder of the article, we will discuss the parameters listed in Table 1 .
Results

Distribution of CAPE and CIN
To start, we investigate the distribution of CAPE in our area of study, which can be expressed as a theoretical maximum updraft velocity w max (Trapp et al., 2009; Brooks, 2013) . We find that nonzero CAPE is the exception rather than the rule: of all 9 977 984 data points no fewer than 6 901 513 (69.2 %) have CAPE = 0 J kg −1 . The distribution of the number of cases as a function of CAPE values shows a strong decrease (Figure 2a) for increasing CAPE values, indicating that high CAPE values are very rare. For instance, only in 0.087 % (8 557) of all cases does CAPE exceed a sizable value of 1800 J kg −1 . Lightning is a somewhat rare occurrence as well, as it was only observed in 1.8 % of all cases (182 536). The distribution of CAPE for all lightning cases is shown in Figure 2b .
In 18.7 % of all lightning cases (34 224) CAPE was 0 J kg −1 . Nevertheless, the fact that some CAPE is typically present when thunderstorms develop is shown by a local maximum at w max = 15 m s −1 which corresponds to CAPE = 115 J kg −1 . The joint distribution of CAPE and CIN (excluding cases without CAPE; Figure 3a) shows that the atmosphere is usually in a state of both low CAPE and low absolute values of CIN. Both high CAPE and high absolute values of CIN are rare, and their combination is even rarer. For lightning cases (Figure 3b) , the maximum of occurrences shifts towards higher CAPE and higher absolute values of CIN. A lo- As for DLSmax, but for 1 kilometer.
rh850-500 % Average pressure-weighted relative humidity in the layer between 850 hPa and 500 hPa.
cal maximum is located in the bin at 12-16 m s −1 w max (or 72 to 128 J kg −1 CAPE) and 4-8 m s −1 w init (or −8 to −32 J kg −1 CIN).
Relation between lightning and instability
We consider the frequency of lightning f L , which is defined as the fraction of lightning cases to all cases, as a function of CAPE ( Figure 4a ). As we may expect, f L increases with increasing CAPE, however only up to ≈ 800 J kg −1 . Between 800 J kg −1 and 2800 J kg −1 f L is approximately constant at ≈ 0.2. Apparently, although higher CAPE supports stronger updraft speeds, the probability of convective initiation is not affected. That said, above CAPE = 2800 J kg −1 (w max ≈ 75 m s −1 ) f L increases further, but there is a high uncertainty, shown by the large 95 % confidence intervals. A similar analysis of f L for the instability parameter LI min (see Figure 4b) , initially shows an increase as LI min drops below 0°C, i.e. instability increases. The probability of lightning then reaches a local maximum with f L = 0.19 at LI min = −4.5°C. Interestingly, further increasing instability results not in an increase, but rather a decrease of f L to around 0.12 at −11°C. For the lowest values for which some data was available, below −12°C, f L again increases, but the large confidence intervals render this signal statistically insignificant.
The distribution of CAPE and LI min ( Figure 5 ) comes in an elongated shape, since the two instability parameters are highly correlated. The joint analysis of these two parameters gives insight into the vertical distribution of parcel buoyancy. If, for a given value of CAPE, LI min is relatively low (i.e. very negative), the positive area that represents CAPE in a thermodynamic diagram is relatively short and bulky. If LI min is not so low (i.e. less negative) for the same given CAPE, the CAPE area is long and thin. Figure 5 shows that for any given value of CAPE, the highest probabilites of lighting are found for a less negative LI min , i.e. a long and thin CAPE area.
Relation between lightning and CIN
As might be expected, CIN close to zero and adequate CAPE are the most supportive for the development of deep convection and lightning ( Figure 6 ). Lightning is most frequent for CIN> −50 J kg −1 and CAPE > 400 J kg −1 , where f L generally exceeds 0.2, with highest grid box values around 0.35. With low CAPE (below 400 J kg −1 ), the highest frequency of lightning occurs for moderate CIN values (around −50 J kg −1 ) rather than for CIN close to zero. This might be explained by the variability of CAPE on scales smaller than a grid cell of the ERA-Interim reanalysis model. There might be higher values of CAPE within a gridbox that cannot be resolved on a grid with a horizontal spacing of 0.75°× 0.75°. With moderate CIN, CAPE may build up at locations within the grid cell. When CIN is close to zero, however, convection will consume any CAPE early, thereby preventing sufficient CAPE to develop to sustain updrafts intense enough to support charge separation and lightning.
Relation between lightning and mid-level humidity
We find a strong relation between relative humidity in the low-to mid-troposphere and lightning occurrence. For high CAPE (> 800 J kg −1 ) and high relative humidity (80 %) between 850 and 500 hPa, the frequency of lightning increases to over 0.45 (Figure 7a ). Given adequate CAPE (> 400 J kg −1 ), lightning occurrence strongly depends on the relative humidity in addition to CIN. Figure 7b , which only displays cases where CAPE > 400 J kg −1 , shows that a high lightning probability f L occurs only for a combination of both low absolute values of CIN and high valus of rh850-500. In other words, low absolute CIN values are not a sufficient condition for storm occurrence. High relative humidity must be in place as well. In fact, it appears that the inhibiting effect of CIN is compensated by high relative humidity. Even though Figure 6 shows that the probability of lightning decreases to below 0.20 when CIN exceeds −50 J kg −1 , the subset of such cases with CIN < −50 J kg −1 that also have rh850-500 > 80 %, are still associated with a high f L , between 0.30 and 0.60 (Figure 7b ). 
Relation between lightning and lapse rate
The frequency of lightning depends on the lapse rate in the 850 to 500 hPa layer (LR 850-500 ), in that a maximum occurs at 6.5 K km −1 for a given CAPE value (Figure 8) . For smaller lapse rates, the probability of storms is lower. This may be caused by the difficulty for convective clouds to maintain sufficient positive buoyancy as they mix with environmental air, as was demonstrated by Houston and Niyogi (2007) . The decreasing probability for increasing lapse rates above the maximum is more puzzling at first sight as rising parcels can be expected to easily maintain high thermal buoyancy. However, there is a correlation between lapse rates and relative humidity, implying that environments with high lapse rates are deprived of sufficient moisture, so that water droplets in rising air parcels quickly evaporate and reduce the buoyancy. In addition, environments with strong lapse rates tend to have high absolute values of CIN.
Relation between lightning and vertical wind shear
Vertical wind shear influences lightning frequency. Figure 9a shows that, besides an increase of f L with increasing CAPE for values up to 800 J kg −1 , a bimodal dependence on DLS max exists. Lightning tends to be relatively uncommon when DLS max is moderate, i.e. within the area indicated by the black curve, and more common for both lower and higher values. The bimodal dependence of f L on shear can be explained by a combination of two effects. First, in very weak shear, towering cumulus clouds are not tilted and the likelihood of them developing into thunderstorms can be expected to be higher than in stronger shear. Second, strong deep-layer shear usually occurs in the vicinity of fronts and jets, since it is tied to the associated strong thermal gradient by virtue of the thermal wind balance. There, organized areas of upward vertical motion occur that help initiate and sustain well-organized convection, such as squall lines and supercells. Once such systems have formed, the strong shear also contributes to their maintenance. For intermediate values of DLS max , the shear is detrimental to the initiation of isolated storms, but frontal systems are still too far away to create sufficient lift for initiation.
The dependence of f L on MLS max (Figure 9b ) is similar to that of DLS max . However, the bimodal signal of f L for low and high values of MLS max is not as pronounced 
Discussion
Limitations
The present study is limited in a number of ways. First, we have not considered the effects of the type of land surface or the orography. Second, the resolution of the reanalysis data set may not be sufficient to resolve the immediate environment of thunderstorms; i.e. considerable variability may be present on scales smaller than the grid spacing. Third, although reanalyses are designed to represent the state of the atmosphere as consistently as possible with the available observations, they will deviate from the real atmosphere. Fourth, the area of this study was limited to central Europe, so that we cannot be certain that the findings of this study are valid in other regions. That said, we have limited the study to parameters that influence convective storms directly in a physical way, which lends some confidence that the relationships will hold in other locations as well. We have not studied parameters that may influence storm development indirectly, such as the time of day, time of year, latitude or longitude. Last, because EUCLID detects little intracloud lightning, our study was limited to thunderstorms that produce at least two cloud-to-ground lightning strikes. This means that the small fraction of storms that produces only intracloud lightning was neglected. We have explored the sensitivity of the results to variations of the criterion for a lightning case, by varying the required number of lightning detections from 1 to 10. The absolute number of lightning cases decreases when this number is increased, but the relations between predictors and the frequency remain qualitatively similar. This also suggests that the slightly varying detection efficiency across the study area did not significantly influence the results.
Instability
The dependence of the frequency of lightning on CAPE shows that the vast majority of thunderstorms occur with at least some instability. However, some storms occurred even with 0 J kg −1 CAPE or positive LI min . This result may be explained by errors in the ERA-Interim reanalysis or the 0.75°grid spacing being insufficient to resolve local areas of instability.
A somewhat surprising result is that the relative frequency of lightning only increases until at a particular level of instability, regardless of whether it is expressed as CAPE or as a Lifted Index. In the latter case it even decreases after reaching a maximum at −4.5°C. Haklander and Van Delden (2003) did not find such a saturation for a study using proximity soundings in the Netherlands, probably because their data set did not include Lifted Index values below −5°C. The fact that such a maximum or saturation point is reached suggests that, in very unstable situations, other inhibiting effects become more likely. For example, the layer of air with near-adiabatic lapse rates that is required for such extreme instability, often creates both a capping inversion and constitutes a layer of dry air, which both inhibit thunderstorms. To test this hypothesis, we have computed the fraction of cases with CIN > −300 J kg −1 and RH > 60 %, i.e. the region that according to Figure 7b is favorable for convective initiation. For all moderately unstable cases with LI min between −2°C and −5°C, this fraction is 0.53. For very unstable cases, with LI min < −5°C, this fraction is only 0.38, which proves that some factors that control initiation become less favorable for very unstable situations.
Wind shear
The bimodal dependence of lightning occurrence on wind shear has not been documented before. Very weak shear apparently helps rising buoyant plumes to develop into full-blown electrified storms. We suppose that shear affects the rate at which rising buoyant plumes mix with environmental air, a phenomenon that can be seen by the tearing of cumulus towers. Cumulus parameterizations schemes do not account for the effects of vertical wind shear as far as we are aware and might be improved by doing so.
Humidity and lapse rates
The suppressive effect of low relative humidity in the mid-troposphere on convective initiation is well-known in the tropical cyclone community. The presence of dry mid-tropospheric air from the Sahara is known to be detrimental to the genesis of tropical cyclones across the North Atlantic (Zipser et al., 2009; Komaromi, 2013) . We have now demonstrated that mid-latitude convection is also suppressed by a lack of moisture.
Scientists who study and develop cumulus parameterization schemes have long been aware of the inhibiting effect of dry air. For instance, Derbyshire et al. (2004) write that 'a dry mid-tropospheric profile (say 25 % relative humidity) can suppress deep convection in favor of a shallow convection regime'. Wu et al. (2009) summarize several studies and conclude that the dry air is unfavorable for deep convection because its entrainment into cumulus clouds leads to strong evaporative cooling and negative buoyancy.
This finding is relevant for forecasters who look for layers of very high lapse rates in the mid-troposphere that in combination with high low-level humidity create high CAPE. Such layers are common, for instance, across the region often referred to as 'Tornado alley' in the central United States of America, or may be advected off the Spanish Plateau over western Europe where they are called a 'Spanish Plume' (Carlson and Ludlam, 1968; van Delden, 2001) . It is important to realize that the low mid-tropospheric humidity and the CIN that often accompanies these air-masses prevent convective initiation across a large area. From that perspective one can understand why convective initiation occurs first along the periphery of such air-masses, where the effects of low mid-tropospheric humidity and high absolute values of CIN are smaller, but CAPE is sufficient for the development of thunderstorms. Furthermore, many traditional predictors for thunderstorms do not take the effect of mid-level humidity into account, or worse, predict a higher probability of thunder with decreasing humidity in the mid-troposphere. This is the case for indices that represent potential instability in its definition as the vertical gradient of equivalent potential temperature (θ e ), such as the Bradbury index (Bradbury, 1977) , the KO-index (Andersson et al., 1989 ) and the Potential Instability Index (van Delden, 2001) all of which showed poor to mediocre performance in studies comparing thunderstorm indices (Haklander and Van Delden, 2003; Manzato, 2005; Kunz, 2007) .
Summary and conclusion
With this study we intended to learn how to detect favorable environments of thunderstorms in reanalysis datasets. We explored the relation between various parameters calculated from reanalysis data and observations of electrified convection over Europe. We were successful in identifying several factors that affect the likelihood of storms besides the mere presence of sufficient instability. These are the main conclusions:
1. An increase in instability is, above a certain threshold, not associated with an increasing likelihood of storms. CAPE of 200-400 J kg −1 is sufficient to sustain electrified storms.
2. Low CIN and adequate CAPE are the most supportive for the development of thunderstorms and the probability for lightning is highest for CIN > −50 J kg −1 and CAPE > 400 J kg −1 . Smaller values of CAPE (below 400 J kg −1 ) show a higher frequency of lightning for moderate CIN values (around 50 J kg −1 ) rather than for CIN close to zero. 3. Dry mid-level (850-500 hPa) air strongly suppresses convective storms. Even for low values of CIN and sufficient CAPE, the probability for storm initiation is very low if the mid-troposphere is too dry (relative humidity below approximately 50 %).
4. Considering the lapse rates in the 850 hPa to 500 hPa layer, the highest probabilities for lightning were found for LR 850-500 ≈ 6.5 K km −1 in combination with CAPE values above 200-400 J kg −1 .
5. The 'shape of the CAPE', i.e. the shape of the positive area in a thermodynamic diagram affects the probability of lightning. For a given amount of CAPE, a 'long and thin' area is more favorable for lightning than a 'short and fat' area.
6. There are two different regimes of wind shear associated with a relatively high probability of electrified storms: one with very weak vertical wind shear, and one with high wind shear. With intermediate shear deep moist convection is somewhat less likely. This signal is found both for deep-layer and mid-level shear and less pronounced for low-level shear.
The results have relevance for forecasting in that the role of mid-level humidity and wind shear should be considered by forecasters in addition to a measure of buoyancy such as CAPE or the Lifted Index. We also identified a potential benefit for cumulus parameterizations to include the effects of wind shear, and provided a basis for further efforts to develop proxies for thunderstorms from climate models, reanalyses and numerical weather prediction models.
There are still a number of open questions that require further study. For instance, it is not given that the probabilities of lightning will be constant across the globe and this should be verified with datasets from other regions. It is also possible that further predictors, which we have not studied, contain information on the probability of lightning. Indeed, the work can be extended to include additional parameters.
